The diversity of culturable non-actinobacterial (NA) bacteria associated with four species of South China Sea gorgonians was investigated using culture-dependent methods followed by analysis of the bacterial 16S rDNA sequence. A total of 76 bacterial isolates were recovered and identified, which belonged to 21 species of 7 genera, and Bacillus was the most diverse genus. Fifty-one percent of the 76 isolates displayed antibacterial activities, and most of them belonged to the Bacillus genus. From the culture broth of gorgonian-associated Bacillus methylotrophicus SCSGAB0092 isolated from gorgonian Melitodes squamata, 11 antimicrobial lipopeptides including seven surfactins and four iturins were obtained. These results imply that Bacillus strains associated with gorgonians play roles in coral defense mechanisms through producing antimicrobial substances. This study, for the first time, compares the diversity of culturable NA bacterial communities among four species of South China Sea gorgonians and investigates the secondary metabolites of gorgonian-associated B. methylotrophicus SCSGAB0092.
Interactions between epibiotic marine bacteria and their host organisms are known to play a significant role in marine ecosystems, but this association has received little attention [8] . Coral surfaces often harbor diverse microbial communities, and it appears that these microorganisms are not generally detrimental to their coral hosts [5] . For instance, microorganisms found on coral surfaces may provide the host with protection from pathogens [24] . To date, many bioactive compounds isolated from corals are characterized to play important roles in protecting the colonies against grazing, feeding, and marine biofouling [4] . However, it is recognized that symbiotic bacteria may be the true producers [6] . Accordingly, coral-associated microorganisms are suggested to be a possible first line of chemical defense for corals, possibly through productions of bioactive substances [24, 27] .
The secondary metabolites of gorgonian-associated bacteria and their possible chemical defense role for their hosts remain unclear for the large part. Aiming to assess the antibacterial potential of gorgonian-associated bacteria, we investigated the diversity of culturable non-actinobacterial (NA) bacteria associated with four species of healthy South China Sea gorgonians, and screened bioactive bacterial strains through antimicrobial tests. In order to further get a clear understanding of the bioactive substances produced by these strains, we selected the antibacterial bacterium Bacillus methylotrophicus SCSGAB0092 isolated from gorgonian Melitodes squamata to study its secondary metabolites. In this paper, we describe the isolation, identification, and screening of marine gorgonian-associated NA bacteria, and also the isolation and structure elucidation of secondary metabolites from gorgonian-associated B. methylotrophicus SCSGAB0092.
MATERIALS AND METHODS
Gorgonian-Associated NA Bacterial Isolation and Identification Four species of South China Sea gorgonians (Dichotella gemmacea, Melitodes squamata, Muricella flexuosa, and Subergorgia suberos) were used for NA bacterial isolation. Detailed information of the gorgonian sampling site, sample collection, and treatment was given by Zhang et al. [33] . After the gorgonian samples were thoroughly homogenized with a sterile mortar with the addition of 2 volumes of sterile seawater, a 10-fold dilution was made and 0.1 ml of the resulting solution was plated on four different media (M1-M4) plates. The compositions of the four media were as follows (g/l): M1: glucose (4), yeast extract (4), malt extract (5) In order to inhibit the growth of fungi, 0.05 g/l streptomycin and potassium dichromate (50 ml of 1 g/l sterilized potassium dichromate in 1 L of sterilized media) were added to the media.
Total genomic DNA was extracted from all selected bacterial isolates as described by Li and De [15] . From the genomic DNA, nearly full-length 16S rRNA gene sequences were amplified by polymerase chain reaction using primers 27F (5'-GAGTTTGAT CCTGGCTCAG-3') and 1525R (5'-AGAAAGGAGGTGATCCAGCC-3'). DNA sequencing of the selected bacterial strains was carried out by Invitrogen (China). Sequences were corrected using Sequencher, and the most similar sequences in GenBank were found using BLAST (Basic Local Alignment Search Tool) searches. When the top three matching BLAST hits were from the same species and were 97% similar to the query sequence, this species name was assigned to the selected isolate [29] .
Screening for Antimicrobial Strains
The antimicrobial activities of 76 isolated gorgonian-associated NA bacteria were determined by a double-layer technique [31] . These strains were grown on seawater medium M3 plates, which were allowed to grow for 5-7 days depending on the growth rate of the various strains. The agar blocks containing the cells were then excised and placed on the assay plates spread with five indicator bacteria including Escherichia coli, Staphylococcus aureus, Bacillus subtilis, and two marine bacteria (Pseudoaltermonas piscida UST010620-005 and Micrococcus luteus UST950701-006). The two marine indicator bacteria were cultured on medium M3 plates at 30 o C for 24-48 h, and other three indicator bacteria were cultured on LBA (peptone 10 g/l, yeast extract 5 g/l, NaCl 10 g/l, agar 20 g/l, pH 7.0) plates at 37 o C overnight. The antibacterial activity was expressed as the diameter of the growth inhibition zone (in millimeter). All the indicator microorganisms were from the South China Sea Institute of Oceanology, Chinese Academy of Sciences.
Preparation and Analysis of Marine Bacterial Crude Extracts
Prior to scale-up fermentation, further tests were performed on the antimicrobial active strains to compare the effects of different growth media on secondary metabolite production. The strains were inoculated in 6 seawater fermentation media (M5-M10) and incubated for 5 days at 30 starch (5), trehalose (2), soya peptone (3), fish flour (2). All media contained 1 L of seawater and were adjusted to pH 7.0. Each culture broth was centrifuged (3,220 ×g, 15 min) to pellet the cells and the cell-free supernatant was extracted twice with an equal volume of ethyl acetate. The solvent extracts were combined and evaporated to dryness under reduced pressure at 45 o C to yield crude extracts, and each crude extract obtained was weighed [19] . All prepared crude extracts were analyzed by using an analytical RP-HPLC column (Inertsil ODS-SP, 5 µm, 4.6×150 mm) with a photodiode array detector. The crude extracts were eluted using a linear gradient of water : methanol (from 95:5 to 0:100) in 35 min, and then 100% methanol for 10 min at a flow rate of 1.0 ml/min. The chemical compositions of the extracts were initially deduced from the UV absorption characteristics.
Bacterial Strain Cultivation and Scale-Up Fermentation
Based on the analysis of crude extracts by HPLC, the most appropriate bacterial strain B. methylotrophicus SCSGAB0092 and medium used for scale-up fermentation were selected. An inoculum of bacteria strain from an overnight cultured plate was inoculated into a 500-ml Erlenmeyer flask containing 150 ml of sterile seed liquid medium and cultured on a rotary shaker (200 rpm) at 30 o C for 2 days. Then, 7.5 ml of the seed culture was transferred into 500-ml Erlenmeyer flasks containing 150 ml of scale-up fermentation medium and cultivated on a rotary shaker (200 rpm) at 30 o C for 5 days. Both seed medium and scale-up fermentation medium were medium M6.
Extraction and Isolation of Compounds
A total of 40 L of fermentation broth was extracted by the process mentioned above to yield 10.5 g of crude gum. The crude gum was subjected to silical gel column chromatography followed by stepwise elution with CHCl 3 - MeOH (100:0, 99:1, 98:2, 95:5, 90:10, 80:20, 60:40, 0:100) , and to give eight fractions (I-VIII) by TLC. Fraction V was subjected to Rp-18 reverse-phase column chromatography, eluting with MeOH/H 2 O (v/v from 30:70 to 100: 0) to give five subfractions (V-1 to V-5). One third of subfraction V-4 (677.1 mg) was repeatedly purified on a semi-preparative RP-HPLC column (Phenomenex Gimini 5µ C18 110A) with 82% MeCN/H 2 O (0.01% CF 3 COOH) at a flow rate of 3 ml/min to yield compounds 1 (18.6 mg, t R = 20.5 min), 2 (9.7 mg, t R = 40.5 min), 3 (35.5 mg, t R = 27.0 min), 4 (4.0 mg, t R = 16.5 min), 5 (3.6 mg, t R = 26.0 min), 6 (18.5 mg, t R = 28.5 min), and 7 (3.6 mg, t R = 45.0 min). Fraction VIII was applied to a Sephadex LH-20 column eluted with CHCl 3 -MeOH (1:1) and then to Rp-18 reverse-phase column chromatography eluting with MeOH/H 2 O (v/v from 60:40 to 100: 0) to give two subfractions (VIII-1 and VIII-2). Subfraction VIII-2 (150 mg of 2424.1 mg) was further purified on a semi-preparative RP-HPLC column (YMC-Pack, ODS S-5µ 250×10 mm i.d.), and eluted with 70% CH 3 OH/H 2 O at a flow rate of 3 ml/min to give compounds 8 (22.3 mg, t R = 22.3 min), 9 (31.0 mg, t R = 53.4 min), 10 (14.6 mg, t R = 60.4 min), and 11 (5.0 mg, t R = 30.2 min).
Identification of Compounds
The structures of the compounds were determined by spectroscopic analysis.
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C NMR, and 2D NMR spectra were recorded on a Bruker AV-500 MHz NMR spectrometer with TMS as the internal standard. High-resolution electrospray ionization mass spectrometry (HRESIMS) and electrospray ionization mass spectrometry (ESIMS) 
